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Beak and feather disease virus: biology 
and resultant disease 
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Abstract 


The beak and feather disease virus (BFDV) causes psittacine beak and feather disease, an often chronic and fatal 
disease in psittacine birds. The virus most commonly infects psittacine birds, but is also capable of infecting non- 
psittacine bird species in Australasia. The virus induces an immunosuppressive condition with chronic symmetrical 
irreversible loss of feather, as well as beak and claw deformities eventually leading to death. No specific treatment 
is currently commercially available for infected birds; however, a combination of quarantine and hygiene control, 
diagnostic testing and enhancing flock adaptive immunity is recommended to provide the most effective and sus- 
tainable control. Recent structural determination of BFDV capsid protein provides insights into the different as- 
semblies that can be formed from one of the smallest known DNA viruses. 
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History 


Psittacine beak and feather disease (PBFD) was first de- 
scribed in the early 1980s and has become recognised 
as the dominant viral pathogen of psittacine birds 
worldwide. In wild red-rumped grass parakeets (Pse- 
photus haematonotus), a case of feather loss syndrome 
that was highly suggestive of PBFD was first recorded 
in South Australia in 1907. The virus causing PBFD was 
initially designated as psittacine circovirus but has since 
been renamed beak and feather disease virus (BFDV). 


Structure of beak and feather disease virus 


The beak and feather disease virus (BFDV) is currently 
considered a member of the family Circoviridae. Like 
other circoviruses, BFDV possesses a small, circular sin- 
gle-stranded DNA (ssDNA) genome (approximately 2.0 
kb in length) that is encapsidated into a non-enveloped, 
spherical icosahedral virion.'?! In order to replicate its 
genome, BFDV needs to invade the nucleus to access 
the transcriptional machinery of the host cell. The rep- 
lication of BFDV is known to occur in numerous tissues, 
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including skin, liver, gastrointestinal tract, and bursa of 
Fabricius;2"4 while the capsid antigen of BFDV is found 
in the spleen, thymus, thyroid, parathyroid and bone 
marrow." However, the distinction between viral entry 
and replication in a host cell remains unclear in the ab- 
sence of confirmation in suitable cell culture. Viral at- 
tachment and entry into host cells may not necessarily 
lead to viral replication, and consequently not all cells 
containing viral particles may contribute to the disease 
progression. However, it is thought that the BFDV en- 
codes proteins that actively transport the viral genome 
into the nucleus, as well as factors that direct the pre- 
cursor DNA exit to the cytoplasm, where it causes large 
globular intracytoplasmic paracrystalline arrays (Figure 
1).2) 


The BFDV genome is bi-directionally transcribed and 
encodes at least two major proteins: a replication initi- 
ation protein (rep) expressed from the virion strand and 
a capsid protein (cap) expressed from the complemen- 
tary strand. A recent study conducted by Sarker et al. 
used a combination of X-ray crystallography, cryo-elec- 
tron microscopy and atomic force microscopy to inves- 
tigate the functionality of cap and its interaction with a 
range of host and viral proteins. They confirmed that 
the cap protein forms virus-like particles (VLPs) of ~17 
nm (mature form) and a smaller assembly of ~10 nm 
(immature form) (Figure 2). Furthermore, this study 
demonstrated that assembly of these two VLPs is regu- 
lated by single-stranded DNA (ssDNA), and that they 
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Figure 1| Transmission electron micrograph of BFDV infected cell on the right demonstrating how the nucleus (N) is relatively 
sparse, with large crystalline arrays of mature virus particles preferentially forming intracytoplasmic inclusions (V) shown at 


higher magnification on the left. 
Sarker et al, CC-BY 4.0 


provide a structural basis of capsid assembly around 
single-stranded DNA.” 


Host range and transmission 


BFDV infection was thought to be restricted to within 
Psittaciformes, but evidence of host switching among 
distantly-related Australian avian species was recently 
demonstrated in the rainbow bee-eater (Merops or- 
natus),'© powerful owl (Ninox strenua)”! and finches.!! 
A large number of other non-psittacine birds are likely 
susceptible to sporadic spill-over infection, *! and there 
is unpublished evidence of BFDV-associated 
feather disease in the laughing kookaburra 
(Daceolo novaequineae), columbids, corvids 
and raptors including the wedge-tailed ea- 
gle (Aquila audax), white-breasted sea eagle 
(Haliaetus leucogaster), peregrine falcon 
(Falco peregrinus) and whistling kite (Hali- 
astur sphenurus)."°! However, the actual 
mechanism of this host-switch event in rap- 
tors and other species is not well under- 
stood. Presumably, it occurs in raptors and 
other birds following predation and/or op- 
portunistic feeding upon the tissues or ex- 
cretions of BFDV-affected parrots and cock- 


Immature virion 


such as the rainbow bee-eater. Interestingly, while in- 
terseasonal nest hollow sharing may promote the circu- 
lation of novel BFDV genotypes in psittacine popula- 
tions, species such as raptors, which retain nest hollows 
over many seasons, may not have sufficient intraspe- 
cific transmission frequencies to permit permanent 
host switching. 2°! 


Beak and feather disease virus is the dominant viral 
pathogen of Psittaciformes in Australasia, where it has 
been present for at least 10 million years,"°! and Aus- 
tralia has been identified as the most likely origin of the 


Mature virion 


~ 60-mer 


17 nm 


Figure 2 | Structural characterisation of two BFDV capsid virions. X-ray crystal 
structures allow modelling of the two particles to 1.9 A (10 nm-immature vi- 
rions, left), and 2.5 A (60 nm-mature virions, right). The smaller particle is 
composed of 10 capsid molecules arranged as two interlocking discs, with 
each disc containing five capsid molecules. The larger VLP consists of 12 pen- 
tamers arranged with T=1 icosahedral symmetry.!?1 

Sarker et al, CC-BY 4.0 


atoos. Knemidokoptes mites have recently 
been shown to concentrate BFDV within 
their faeces™! which raises the possibility of 
ectoparasites such as hippoboscid flies act- 
ing as fomites and vectors of transmission 
particularly to insectivorous bird species 
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virus. The richness of psittacine avifauna in this re- 
gion has produced a mixture of potential hosts for the 
pathogens, resulting in competing forces of virus co- 
evolution, spill-over infection and virus host-switches 
within parrots, cockatoos and lorikeets. Recent evi- 
dence has shown that all threatened and endangered 
Australian psittacine bird species can be infected by 
BFDV genotypes from any other closely- or distantly- 
related host reservoir species."3"4] Currently, more 
than 78 psittacine bird species globally have been re- 
ported to be infected by BFDV, including at least 38 of 
the 50 Australian native parrot species both in captivity 


and the wild, and over 25 non-psittacine bird spe- 
cies, (oll2s]l26ll27][28][20][29][7](6120] 


Transmission is thought to include both horizontal and 
vertical modalities. In wild bird populations, transmis- 
sion of infection most likely occurs within nest hollows 
by oral or intracloacal ingestion of the virus possibly 
sourced from feather dust, crop secretions, or fae- 
ces.21I4] Although there has been debate in the litera- 
ture concerning the role of vertical transmission of 
avian circovirus, BFDV is suspected to be transmitted 
vertically because viral DNA can be found in embryos 
from infected hens.?! However, this could simply be 
the result of non-replicative transfer of viral DNA into 
the yolk of embryonated eggs. Further investigations 
are required in this regard. 


Disease 


The beak and feather disease virus is the cause of psitta- 
cine beak and feather disease (PBFD), which is recog- 
nised as an infectious threat for endangered Australian 
psittacine birds and constitutes a well-characterised 
threat to a wide variety of psittacine and non-psittacine 
bird species globally. !s1l23lts71s8Iboll24llsiia4g]{71L61126] The 
disease presents as an immunosuppressive condition 
with chronic symmetrical irreversible loss of feathers as 
well as beak and claw deformities, eventually leading to 
death (Figure 3).!5!(7I[2Sll2s1l30] |t can also be expressed 
peracutely, ranging from sudden death, particularly in 
neonates, 3"! to an acute form in nestling and fledglings, 
characterised by feather dystrophy, diarrhoea, weak- 
ness and depression ultimately leading to death within 
1-2 weeks.31 In some species with green plumage, the 
presence of scattered yellow contour feathers through- 
out the plumage is often the first clinical signs of PBFD. 
In juvenile crimson rosellas (Platycercus elegans) early 
signs include subtle feather dystrophy, segmentally re- 
tained feather sheaths and feather loss around the 
nares. 201 
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Secondary viral, fungal, bacterial, or parasitic infections 
often occur as a result of diminished immunity caused 
by a PBFD viral infection. Clinical signs in addition to 
those mentioned above, including elevated white blood 
cell counts, are generally due to secondary infections 
and may not be directly related to PBFD virus infec- 
tions. Furthermore, not all infected birds develop 
feather lesions. Some respond with an appropriate im- 
mune response and recover. There is also considerable 
evidence, at least in lovebirds and orange-bellied par- 
rots, of persistent infections in otherwise normal-ap- 
pearing individuals. It is likely that these subclinically in- 
fected birds, in addition to ones with feather dysplasia, 
are responsible for shedding into the environment and 
infection of susceptible birds. 


Impacts 


PBFD caused by BFDV has the potential to become a 
significant threat to all species of wild parrots and to 
modern aviculture, due to international legal and illegal 
bird trade."*! A large number of psittacine and non-psit- 
tacine bird species globally are currently affected by 
BFDV both in captivity and in the wild, and the disease 
has the potential to disrupt vital ecosystem processes 
and services. '9!6Ib8I(7Il6] A recent study has shown the 
importance of an accurate evaluation of avian diseases 
in wild populations, since invasive parrots may intro- 
duce BFDV without showing any visually detectable 
clinical signs.3*! PBFD was one of the first diseases to be 
recognised as threatening under the Endangered Spe- 
cies Protection Act 1992 (ESP Act).!3! The Environment 
Protection and Biodiversity Conservation Act 1999 de- 
veloped a threat abatement plan (TAP) with two broad 
goals: ensure that PBFD does not escalate the threat- 
ened species status of affected birds; and minimise the 
likelihood of PBFD becoming a key threatening process 


Figure 3 | Galah (left) with chronic PBFD showing feather loss 
and beak deformities, and a sulphur-crested cockatoo (right) 
infected with BFDV displaying gross clinical signs of feather 
loss. 

Shane R. Raidal, Charles Sturt University, CC-BY 4.0 


fC) 


(KTP) for other psittacine species."° In June 2015, a 
ministerial review concluded that the goals of the TAP 
had not been met due to considerable deficits in 
knowledge concerning PBFD. 22! 


Diagnosis 


Various approaches have been developed and em- 
ployed for the diagnosis of BFDV. These include histol- 
ogy, electron microscopy, haemagglutination, 34135! im- 
munohistochemistry,2! in situ hybridisation,27! poly- 
merase chain reaction (PCR),%°! duplex shuttle PCR, 39! 
real-time PCR,“4°! PCR followed by high-resolution 
melting curve analysis, 52°] and swarm primer-applied 
loop-mediated isothermal amplification (sLAMP).!44 
The serological detection of anti-BFDV antibodies has 
been conducted by haemagglutination inhibition24!42) 
and Enzyme-Linked Immunosorbent Assay (ELISA)®°. 
So far, the standard PCR-based assay has been used 
most frequently (>49%) to screen BFDV between 1984 
and July 2015.8! A recently developed sLAMP assay 
may serve as a rapid, sensitive, and specific diagnostic 
field test for the detection of BFDV in clinical sam- 
ples, (44 


Treatment and control 


Currently no commercially viable specific treatment for 
birds affected with chronic PBFD exists. Epidemiologi- 
cal studies have shown a high seroprevalence in wild 
and captive flocks, indicating that infection does not al- 
ways lead to the development of feather lesions. Test- 
ing regimes currently rely ona combination of viral DNA 
testing using PCR methods, and excreted antigen de- 
tection in feather dander using haemagglutination as- 
say (HA) alongside serology using haemagglutination 
inhibition (HI). The results can identify subclinical birds 
that are infected but not excreting virus, while also serv- 
ing to monitor for an antibody response in those birds 
which have been exposed to infection. Depending on 
the stage of infection, the PCR-positive or -negative 
status of infected birds can wax and wane while they 
develop HI antibody. In some species, a positive HI an- 
tibody result is strong evidence of freedom from infec- 
tion and disease. Culling of infected birds is normally 
performed in infected captive or commercial flocks. 
There is an ongoing need to develop a vaccine to com- 
bat BFDV infection. It has been recommended that a 
combination of quarantine and hygiene control, diag- 
nostic testing and enhancing flock adaptive immunity 
should be practised to provide the most effective and 
sustainable control.°°! 
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